To review the current literature evaluating clinical outcomes of early and delayed parenteral nutrition initiation among critically ill children.
INTRODUCTION
Despite more than 40 years of parenteral nutrition use in children, there remains no clear consensus on the optimal timing of its initiation among children who are critically ill. Nutrition optimization remains an important aspect of care among critically ill children to prevent micro and macronutrient deficiencies, avoid-negative nitrogen balance, and to encourage anabolism during a fluctuating metabolic state. However, concerns about the harmful effects of parenteral nutrition have prompted a risk benefit assessment when utilizing this mode to achieve nutrient delivery in the critically ill patient.
Guidelines for critically ill adults by the American Society of Parenteral and Enteral Nutrition (ASPEN) suggest clinical correlation and evaluation on an individual case basis. The strength of recommendations in this area is limited because of multiple studies with varied statistical significance, patient populations with wide-ranging nutritional deficits, and differences in illness severity. Studies in critically ill adults have suggested a potential clinical outcome benefit among patients with delayed initiation of parenteral nutrition supplementation by 1 week [1] . The clinical benefits of early or late parenteral nutrition are less well known among critically ill children. Recently, a large randomized controlled trial examined the benefits of early [on day 1 after pediatric ICU (PICU) admission] versus delayed parenteral nutrition (on day 8) among critically ill children. The results of this study suggest
CURRENT GUIDELINES FOR PARENTERAL NUTRITION SUPPLEMENTATION
The 2016 guidelines from ASPEN and Society of Critical Care Medicine for nutritional supplementation among critically ill adults recommends assessing nutritional status and measuring energy expenditure by indirect calorimetry (when available for determination of reliable caloric goals) upon admission. Enteral feeds are recommended to begin within 48 hours of admission to an ICU and early initiation of parenteral nutrition suggested in cases where there is an anticipated disruption to enteral nutrition, or contraindication. In patients without malnutrition or those with a low risk for malnutrition, parenteral nutrition introduction may be delayed for a week [3 & ]. Recommendations for delayed initiation of parenteral nutrition are based on studies that showed favorable outcomes among late parenteral nutrition initiation compared with early parenteral nutrition [1] . In a large multicenter randomized control trial (RCT) study among critically ill adults, patients with delayed parenteral nutrition initiation for 1 week had a shorter hospital stay, reduced health costs, and were less likely to acquire new ICU infections compared with those with parenteral nutrition initiation within 48 hours of ICU admission. Alternatively, a smaller trial conducted at two sites, randomized critically ill adults to either continued enteral nutrition or enteral nutrition and parenteral nutrition supplementation in patients who were unable to reach at least 60% of their energy goals (measured by indirect calorimetry) on day 3 of ICU admission. Although there were no differences in mortality or length of stay between the two groups, the group receiving supplemental parenteral nutrition had a 30% reduction in nosocomial infection risk and more antibiotic-free days [4] . The extrapolation of the results in these studies to the wider adult critical care population is limited due to differences in severity of illness, nutritional status of patients, and wide-ranging statistical significance. Based on the observed study limitations, recommendations on the timing of parenteral nutrition supplementation among critically ill adults are suggested to be applied on an individual case basis [3
With respect to the timing of parenteral support in children, it is important to realize that infants and children have unique physiologic and metabolic needs that make them different than adults [6] . These include a substantially higher metabolic requirement for energy, protein, and micronutrients (per kg body weight) compared with adults, as well as relatively lower reserves of fat and protein. The combination of these factors, and a high prevalence of prematurity and other factors that predispose children to malnutrition, generally mean that the threshold to begin enteral or parenteral nutrition support in hospitalized children is lower than among adults.
Nonetheless, formal guidelines about the precise timing of parenteral nutrition initiation in children are generally lacking from the literature. The ASPEN clinical guidelines on nutrition support in critically ill children recommends screening to evaluate nutritional status, measuring energy expenditure with the use of indirect calorimetry if available (standard equations are often unreliable), and initiation of enteral nutrition as a preferred route of nutrition provision. There is no clear consensus on the optimal timing for parenteral nutrition as a supplement to insufficient enteral nutrition [7] . General pediatric guidelines advise initiation of parenteral nutrition when minimal enteral nutrition is anticipated longer than 3-5 days in children with malnutrition or low birth weight, and at 5-7 days among well nourished children [8, 9] .
KEY POINTS
Similarly to observations in adult studies, improved clinical outcomes were generally observed among critically ill children with delayed initiation of parenteral nutrition in the ICU.
Although parenteral nutrition on the first day of PICU admission cannot be generally recommended, the precise timing of parenteral nutrition initiation needs to be individualized.
The optimal timing of parenteral nutrition as a supplement to enteral nutrition remains unclear in children with severe malnutrition and high risk of nutritional deterioration.
Close monitoring for overfeeding while on parenteral nutrition among the critically ill is warranted, given the poor correlation of estimated calculation for energy expenditure.
Accurate assessment of energy expenditure and degree of malnutrition will play a large role in deciding appropriate timing of parenteral nutrition supplementation.
EVALUATION OF ENERGY DEFICITS AND TIMING OF PARENTERAL SUPPLEMENTATION
The interplay between energy needs and changes in metabolism during severe illness, and fluctuations in endogenous energy may influence the optimal timing of parenteral nutrition supplementation in adults [10 & ,11] . This change in metabolism during critical illness is mediated by hormones that orchestrate a state of catabolism to meet the nutrient requirements for survival during a period of decreased nutritional intake and is hypothesized to possibly influence energy requirements [10 & ]. However, in the modern era, overfeeding may occur in the early phase of severe illness because of unintended excess of exogenous sources of energy in the setting of decreased energy expenditure, and has been correlated with poor outcomes [12] . Secondary effects observed in cases of overfeeding include hyperglycemia, hyperlipidemia, increased infection risks, and liver steatosis [10 & ,11] . On the other hand, failure to provide adequate energy and protein during acute critical illness has been associated with poor outcomes in the PICU population. These studies demonstrated the benefits of early enteral nutrient administration and there were no benefits of early parenteral administration of nutrients [13, 14] . Accurately evaluating the energy expenditure among the critically ill and applying it to the patient's shifting metabolic demands are essential to determine the goal caloric needs, and should play a role in planning optimal timing of parenteral nutrition ( Fig. 1 -from ] recently conducted a multicenter randomized control trial among critically ill children, comparing early (day 1 of ICU admission) or late (after 7 days of admission) initiation of parenteral nutrition. Primary clinical outcomes aimed to compare the incidence of new acquired infections and length of ICU stay. Other clinical outcomes included mortality, duration of mechanical ventilation support, renal replacement therapy, and serum markers of liver dysfunction.
The trial included 1440 patients with ages ranging from term newborns to 17 years of age. Critically ill patients who were anticipated to have an ICU stay greater than 24 h and who were judged to be at least moderately at risk of malnutrition [as defined by the screening tool for risk of nutritional status and growth (STRONGkids)] were included in the study. Randomization was stratified by age and diagnosis. Critically ill children were assigned to either early (within 24 h) or late parenteral nutrition (after 1 week) in addition to enteral nutrition that was started in the first days of admission. Parenteral nutrition was continued in both groups until enteral feeds reached 80% of the estimated overall caloric goal. Of note, the composition of parenteral nutrition, advancement rate of enteral nutrition, estimated caloric goals, and glycemic control protocols varied across site locations based on institutional guidelines.
Outcomes observed in the delayed parenteral nutrition group were uniformly more favorable than in the group that received early parenteral nutrition. Critically ill children receiving late parenteral nutrition supplementation were observed to have a lower rate of new infections (10.7% compared with 18.5%, P < 0.001), with blood stream and upper airway FIGURE 1. Proposed optimal combination of EN and PN may help avoid overfeeding and underfeeding. Reprinted with permission from Ref. [10 infections decreasing by 50% compared with the early parenteral nutrition group. ICU length of stay was reduced by an average of 2.7 days (P < .002) and there was an average 4.1 day reduction in total length of stay (P < .01) among patients who received delayed parenteral nutrition initiation. No differences were observed in 30-day mortality rates between the two groups. Other secondary outcome measures demonstrated a reduction in mechanical ventilation support time and decreased risk for requiring renal replacement therapy, and a reduction in liver dysfunction as measured by liver function tests. Interestingly, children who were among the late parenteral nutrition group developed a higher rate of hypoglycemic events and had higher C-reactive protein plasma levels (P < .007) compared with the early parenteral nutrition group. As discussed by Fivez et al. [2 && ], it is unclear how the potential risk of increased episodes of hypoglycemia or the elevated inflammatory marker of C-reactive protein generally contributes to the observed outcome risks and benefits among those who received delayed parental nutrition. Overall, the findings of this randomized trial suggest improved clinical outcomes among critically ill children who have a delay in parenteral nutrition supplementation. The external validation of the results of this trial has been questioned because of a number of limitations and design aspects.
EARLY VERSUS LATE PARENTERAL NUTRITION IN CRITICALLY ILL CHILDREN. AREAS OF CONSIDERATIONS IN STUDY DESIGN
There are several areas to consider when interpreting the study by Fivez, et al. [2 && ], including the methods of determining energy goals, the evaluation of malnutrition, and the overall study design wherein children received parenteral nutrition as early as the day of ICU admission. In the accompanying editorial to the study, the trial was noted to have high internal validity, but limited external validity [18] . Factors contributing to a reduction in generalizability included the utilization of STRONGkids as a screening tool that has not been validated to accurately assess the degree of malnutrition among critically ill children, and may not correctly reflect the degree of malnutrition of patients included in the study [5 & ,18,19] . In the trial, the median BMI z-score was À0.5 and the 25th% was À1.5, suggesting that there was not a robust representation of children with severe malnutrition. Beyond the use of STRONGkids as a malnutrition assessment tool and report of BMI, there were no other measures obtained (such as arm anthropometrics or laboratory indicators of nutritional status) to assess the degree of malnutrition in the cohort studied. In a recent study, the STRONGKids and other similar screening methods did not adequately identify children with malnutrition who were otherwise recognized as malnourished through standard anthropometric measures [20] . This aspect of the trial is relevant as it challenges the claim that a delayed parenteral nutrition strategy may be beneficial in vulnerable children with severe malnutrition or high malnutrition risk. Indeed, the finding that immediate initiation of parenteral nutrition in well nourished children is associated with adverse outcomes is essentially supportive of current practice to limit parenteral nutrition initiation to 3-5 days in undernourished children and 5-7 days in well nourished children [8, 9] .
Furthermore, the use of equations to estimate total caloric goals, although practical, may not reflect accurate metabolic demands in the critically ill. Estimation of energy expenditure, as opposed to measuring metabolic needs with indirect calorimetry, could falsely over or under estimate caloric goals [16, 21] . Overfeeding in parenteral nutrition, which typically occurs in the early phases of illness, could potentially contribute to unfavorable outcomes among those who received early parenteral nutrition initiation [18, 22] . Similar criticism was considered in the 1990's when routine preoperative parenteral nutrition was delivered to malnourished adult patients, with observations of adverse outcomes in mildly malnourished patients. Outcomes were thought to be secondary to an overfeeding and/or hyperglycemia effect rather than use of parenteral nutrition per se [23] .
In addition, one might also question the premise of the Fivez et al. [2 && ], trial, namely that it is standard of care for parenteral nutrition to begin on day 1 of PICU admission. We and others generally defer the start of parenteral nutrition until other forms of nutrition support have proven unsuccessful, and that the duration of inadequate enteral nutrition at least last 5 days. In the trial, the mean length of stay in the ICU was approximately 8 days and fewer than 5% of study participants were on extracorporeal membrane oxygenation, suggesting that more study participants received parenteral nutrition in the trial than would have actually received it outside of the study's inclusion criteria. Finally, more than 77% of patients randomized to the late parenteral nutrition arm were discharged from the ICU before day 7 [18] . Therefore, a majority of the late parenteral nutrition group did not receive any parenteral nutrition supplementation.
Our current guidelines for parental nutrition initiation rely on risk stratification of malnutrition and our ability to accurately assess energy expenditure via indirect calorimetry [3 & ,16] . The results of the trial support the avoidance of parenteral nutrition initiation on admission to the PICU. However, in patients with preexisting malnutrition, or an inability to achieve enteral nutritional caloric goals, earlier administration of parenteral nutrition (i.e., within 3-5 days of ICU admission is likely still warranted [5 & ].
CONCLUSION
Nutritional status and total energy expenditure play a significant role in determining the need for parenteral nutrition. There are no current standards in measuring the degree of malnutrition among critically ill children, and accurately estimating energy expenditure is essential in deciding the need for parenteral nutrition supplementation. The study by Fivez et al. has provided useful insights into the role of supplemental parenteral nutrition in critically ill children; however, studies using a validated and reproducible measure of malnutrition are warranted before its results can be extrapolated to all at risk children.
The finding that initiation of parenteral nutrition on day 1 is associated with adverse outcomes is supportive of current practice to limit parenteral nutrition initiation to 3-5 days in undernourished children and 5-7 days in well nourished children. Complex cases warrant individual consideration.
